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ABSTRACT

A field survey for natural enemies of mealybugs (Hemiptera, Pseudococcidae) in Kermanshah
province, Iran was conducted during years 2009-2010. Five primary, two primary/secondary, one secondary
parasitoid species, and twelve predator species were collected on five species of Pseudococcidae. The
coccinellids Diomus rubidus Motsch 1837, Nephus biflammulatus (Motschulsky 1837) and Nephus
ulbrichi Firsch 1977 are new records for Iran. In addition, two encyrtid species, including Homalotylus
turkmenicus Myartseva and Homalotylus eytelweinii (Ratzeburg) were reared on coccinellid larvae that
have been associated with mealybugs colonies. Available ecological and biological information as well as
geographical distribution for each species are also included.
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INTRODUCTION

Mealybugs (Hemiptera, Pseudococcidae) comprise one of the largest and most
abundant families of Coccoidea with over 2200 species known throughout the world
(Ben-Dov et al., 2012). Mealybugs are the most universally important insect pest
(Ben-Dov, 1994). Their feeding may cause leaf yellowing, defoliation, reduced plant
growth and in some cases death of plants. Hundreds of natural enemies contribute
to mealybug control (Bartlett, 1978; Noyes and Hayat, 1994). Several species of
chalcidoid wasps (Hymenoptera, Chalcidoidea) and coccinellid beetles (Coleoptera,
Coccinellidae) have been used or are used today for biological control of various
mealybug crop pests in some parts of the world (Noyes and Hayat, 1994; Ben-Dov,
1994; Ben-Dov et al., 2012). For example, Cryptolaemus montrouzieri Mulsant
was introduced into Iran from Spain fifty years ago for the control of Pseudococcus
viburni (Signoret), a severe pest of Thea sinensis (Theaceae) in northern parts of
Iran (Chodjai, 1989). Information on the natural enemies associated with mealybugs
is mainly limited to collection records (Fallahzadeh and Japoshvili, 2010, 2013).
Kiriukhin (1947) provided an initial, but limited, list of mealybug species and their
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natural enemies, since then, a lots of studies on mealybug and their natural enemies
have made; such as: Nipaecoccus viridis (Newstead) (Asadeh and Mossadegh, 1993;
Khalaf and Aberoumand, 1989; Novin et al., 2000), Planococcus vovae (Nasonov)
(Lotfalizadeh and Ahmadi, 2000; Talebi et al., 2008), Peliococcus kimmericus
(Kiritshenko) (Fallahzadeh et al., 2006a; b), Maconellicoccus hirsutus (Green)
(Fallahzadeh et al., 2007); Planococcus ficus (Signoret) (Fallahzadeh et al., 2011)
and Phenacoccus solenopsis Tinsley (Fallahzadeh et al., 2013; 2014). The aim of
the current work was to conduct a survey to identify the important natural enemies of
mealybug species occurring in Kermanshah province, Western Iran, giving a better
basis for biological control program of these pests.

MATERIALS AND METHODS

Surveys for parasitoids of mealybugs were conducted on abandoned orchards and
wild plants in various districts of Kermanshah province, Western Iran, between the years
2009 and 2010. Mealybugs were collected by using visual examination of different plant
parts (e.g., fruit, leaves). In the laboratory, the number of mealybugs per sample was
recorded and all mummified mealybugs were individually isolated in 5cm? glass vials
with ventilated lids and held at room conditions (25 +2°C, 30- 40% RH, and 16 hL:8 h
D) for 30 days. Parasitoid adults that emerged from mummified hosts were transferred
to 70% ethyl alcohol and later slides mounted (by using the method described by Noyes,
1982) and identified (using the keys by Hayat, 1986; Noyes and Hayat, 1994). During
field surveys, predators were collected using an aspirator, when observed, or by shaking
the plant to dislodge and collect predators in a funnel below. In the laboratory, immature
stages of the predators were reared to adult stages, on mealybugs which the predators
were collected, to the adult stage for identification (using keys by Majerus, 1994; Harris,
1997). Voucher specimens of predators and parasitoids were deposited in the Plant
Protection Department, College of Agriculture, Razi University, Kermanshah, Iran.

RESULTS AND DISCUSSION

Five primary parasitoid, two species that could be either primary or secondary
parasitoids, one secondary parasitoid species, and twelve additional predator species
were found associated with five species of Pseudococcidae as follows:

Primary Parasitoids:

Hymenoptera, Chalcidoidea, Encyrtidae

Anagyrus pseudococci (Girault, 1915)

Material examined: 2492, 124, Agriculture College (N: 34° 19’ 32/44": E: 47° 05 56/86") ex
Planococcus vovae on Hesperocyparis arizonica (Greene) Bartel (Cupressaceae), 24.06.2009; 329, 143,
Agriculture College (N: 34° 19° 40/94”: E: 47° 06’ 08/61”) ex P. vovae on H. arizonica, 15.08.2009; 599,
Biston Road (N: 34° 22’ 26/49”: E: 47° 25’ 33/55”) ex Trabutina crassispinosa on Tamarix L. (Tamaricaceae)
12.09.2009; 59 9, Agriculture College (N: 34° 19’ 32/44”: E: 47° 05’ 56/86”) ex P. vovae on H. arizonica,
05.03.2010; 13, Kohestan Park (N: 34° 23'44/84": E: 47° 07’ 34/60”) ex P. vovae on H. arizonica, 18.03.2010;
429, Agriculture College (N: 34° 19’ 40/94”: E: 47° 06’ 09/61”) ex P. vovae on H. arizonica, 25.04.2010.
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Note: The genus Anagyrus Howard, 1896 has nine species in Iran (Fallahzadeh and
Japoshvili, 2010; 2013). Anagyrus pseudococci is widely distributed in the Iran and it is
a common primary parasitoid of Planococcus citri (Risso) (Hemiptera: Pseudococcidae)
on Ficus carica L. (Moraceae) (Chodjai, 1968; 1976; 1989), P. citri on Vitis vinifera L.
(Vitaceae) (OILB, 1971), Nipaecoccus viridis (Newstead) (Hemiptera, Pseudococcidae)
on Citrus (Khalaf and Aberoumand, 1986), Planococcus vovae (Nasonov) on cypress
tree (Cupressaceae) (Xu and Lotfalizadeh, 2000; Lotfalizadeh and Ahmadi, 2000; Talebi
et al., 2008); N. viridis on Citrus (Rutaceae) (Hesami and Fallahzadeh, 2004; 2005)
and Maconellicoccus hirsutus (Green) (Hemiptera: Pseudococcidae) on M. alba L.
(Moraceae) (Fallahzadeh and Hesami, 2004; Fallahzadeh et al., 2007).

Coccidoxenoides perminutus Girault, 1915

Material examined: 1899, Agriculture College (N: 34° 19’ 32/44”: E: 47° 05’ 56/86") ex Planococcus
vovae on Hesperocyparis arizonica, 24.06.2009.

Note: Coccidoxenoides perminutus has been reported as primary parasitoid from
several armored scale insects (Hemiptera: Diaspididae) and mealybugs species
(Hemiptera: Pseudococcidae) (Noyes, 2012). This species has been reported from
Iran by Talebi et al. (2008) and Lotfalizadeh (2010) as a primary parasitoid of P. vovae
on cypress tree (Cupressaceae).

Leptomastidea abnormis (Girault, 1915)

Material examined: 19, Biston Road (N: 34° 28 07/96”: E: 47° 25’ 26/41”) ex Planococcus vovae on
Cupressus arizonica, 22.07.2009.

Note: The parasitoid is solitary and has been reported from Europe, Middle East,
East Palearctic, Afro-tropical, Australian, Nearctic, Neotropical and North Africa as
primary parasitoid of two soft scale insect species (Coccidae) and 25 Pseudococcidae
species (Noyes, 2012). L. histrio were recorded from Peliococcus kimmericus
(Kiritshenko) on grape in Fars province, Iran (Fallahzadeh and Japoshvili, 2010).

Leptomastix dactylopii Howard, 1885

Material examined: 499, 244, Songhor Road (N: 34° 22’ 26/46”: E: 47° 25’ 33/55”) ex Phenacoccus
sp. on Euphorbia helioscopia L. (Euphorbiaceae), 27.08.2009; 19, Biston Road (N: 34° 29’ 26/36”: E: 47°
65 53/15”) ex Phenacoccus sp. on E. helioscopia, 21.09.2009.

Note: Leptomastix dactylopii has been reported from more than 30 different
pseudococcid species (Noyes, 2012) up to know. It is best known as a parasitoid of
P. citri (Tingle and Copeland, 1989; Mani, 1994), although it has been reared from P.
ficus (Daane et al., 2008; Fallahzadeh and Japoshvili, 2010; Fallahzadeh et al., 2011).

Leptomastix histrio Mayr, 1876

Material examined: 79 @, Agriculture College (N: 34° 19’ 30/24”: E: 47° 05’ 55/71”) ex Chorizococcus sp.
on Lactuca serriola L. (Asteraceae), 22.08.2009; 222, 24J, Agriculture College (N: 34° 19’ 30/24": E: 47°
05'55/71”) ex Chorizococcus sp. on L. serriola, 06.09.2009; 19, Songhor Road (N: 34° 28’ 07/19”: E: 47° 25’
26/41”) ex Chorizococcus sp. on Populus trichocarpa Torr. and A. Gray ex Hook. (Salicaceae), 21.09.2009.

Note: Fallahzadeh et al. (2006b) have reported this species as primary parasitoid
of Peliococcus kimmericus (Kiritshenko) (Hemiptera: Pseudococcidae) on Lactuca
serriola L. (Asteraceae).
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Hyperparasitoids:
Hymenoptera, Chalcidoidea, Aphelinidae

Marietta picta (Andre, 1878)

Material examined: 799, 34, Agriculture College (N: 34° 19' 32/44”: E: 47° 05’ 56/86") ex
Planococcus vovae on Hesperocyparis arizonica, 24.06.2009; 699, 14, Biston Road (N: 34° 23’ 44/84”:
E: 47° 07’ 34/60”) ex Phenacoccus sp. on Euphorbia helioscopia, 21 September 2009; 19, Kohestan Park
(N: 34° 24’ 76/49”: E: 47° 15’ 53/55”) ex P. vovae on H. arizonica, 18.03.2010.

Note: Marietta picta is known throughout the Palaearctic region and has also been
reported from some parts of Oriental, Neotropical, and Nearctic regions (Hayat, 1986;
1997). This species was previously recorded as a hyperparasitoid of encyrtids attacking pink
hibiscus mealybug, Maconellicoccus hirsutus, in Fars Province (Fallahzadeh et al., 2007).

Hymenoptera, Chalcidoidea, Pteromalidae

Pachyneuron muscarum (L. ,1758)

Material examined: 79 ¢, Biston Road (N: 34° 22’ 26/49”: E: 47° 25’ 33/55”) ex Trabutina crassispinosa
on Tamarix L. 12.09.2009.

Note: The genus Pachyneuron Walker includes both primary and secondary
parasitoids (Viggiani, 1997). Pachyneuron muscarum is best known as a hyperparasitoid
(Kfirand Rosen, 1981), but has been associated with numerous mealybug and scale
species as a primary parasitoid (Fallahzadeh et al., 2011).

Hymenoptera, Chalcidoidea, Signiphoridae

Chartocerus kurdjumovi (Nikol’'skaya, 1950)

Material examined: 5599, 24, Agriculture College (N: 34° 19’ 30/24": E: 47° 05’ 55/71") ex
Planococcus vovae on H. arizonica, 24.06.2009; 59 9, Biston Road (N: 34° 23’ 53/74”: E: 47° 26’ 42/22”)
ex P. vovae on H. arizonica, 22.07.2009; 1%, Agriculture College (N; 34° 19'47/16”: E: 47° 06’ 58/70”) ex
Chorizococcus sp. on Lactuca serriola, 15.08.2009; 69 9, Agriculture College (N: 34° 19' 49/81”: E: 47°
06’ 59/79”) ex Chorizococcus sp. on L. serriola, 06.09.2009.

Note: Chartocerus kurdjumovi is a known mealybug parasitoid, including P. citri
(Noyes, 2012). This species was previously recorded as a hyperparasitoid of Anagyrus
spp. attacking pink hibiscus mealybug in Fars Province (Fallahzadeh et al., 2007). It
has also been reported as a secondary parasitoid of both Anagyrus and Leptomastix
species (Fallahzadeh et al., 2011; Noyes, 2012).

Predators:
Coleoptera, Coccinellidae

Coccinula elegantula (Weise, 1890)

Material examined: 1399, 83J, Agriculture College (N: 34° 19’ 32/44”: E: 47° 05 56/86") ex
Planococcus vovae on Cupressus arizonica, 05.04.2010.

Note: So far as its biology is known in Iran, it has been previously reported in the
Southeast of Iran (Kerman Province) as a psyllophagous coccinellid on common
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pistachio psylla, Agonoscena pistaciae Burkhadt and Lauterer (Hemiptera: Psyllidae)
(Mehrnejad, 2010).

Diomus rubidus Motsch, 1837

Material examined: 499, 1247, Agriculture College (N: 34° 19" 46/55": E: 47° 06’ 59/81") ex
Planococcus vovae on H. arizonica, 05.04.2010; 1244 Kohestan Park (N: 34° 23’ 48/03": E: 47° 07’
35/61”) ex P. vovae on H. arizonica, 20.06.2010.

Note: Diomus rubidus is widespread from Central Asia to the Mediterranean Region
(Canepari, 2009) that has been recorded only on Antonina graminis (Maskell) among
mealybugs species (Gerson et al., 1975; Ben-Dov et al., 2012). This is a new record
for the fauna of Iran and Planococcus vovae (Hemiptera, Coccoidea, Pseudococcidae)
is a new prey record for this coccinellid.

Exochomus nigromaculatus (Goeze, 1777)

Material examined: 799, 163 J, Biston Road (N: 34° 22' 26/49": E: 47° 25’ 33/55") ex Phenacoccus
sp. on Euphorbia helioscopia, 21.09.2010.

Note: The species is widely distributed in south and central Europe, Africa and
Asia. It has been recorded as a predator of the mealybug Ferrisia virgata (Cockerell)
(Ben-Dov et al., 2012) and Trabutina crassispinosa Borchsenius (Kaydan et al., 2012).

Exochomus undulatus Weise, 1878

Material examined: 2492, 1877, Agriculture College (N: 34° 19’ 46/55™: E: 47° 06’ 59/81") ex
Planococcus vovae on H. arizonica, 25.03.2009; 109 9, Agriculture College (N: 34° 19’ 32/44”: E: 47° 05’
56/86") ex P. vovae on H. arizonica, 28.08.2010.

Note: In Iran, E. undulates is known to be a generalist aphidophagous ladybird,
and preying on multiple aphid species (Ansari Pour et al., 2011) but aphidophagous
species take other prey when aphids are rare (Mehrnejad, 2010)

Hyperaspis polita Weise, 1885

Material examined: 154, Songhor Road (N: 34° 28 07/19": E: 47° 25° 26/41") ex Trabutina
crassispinosa on Tamarix, 27.08.2009; 64, Biston Road (N: 34° 22’ 26/49": E: 47° 25’ 33/55") ex
Phenacoccus sp. on Euphorbia helioscopia, 21.09.2009.

Note: Hyperaspis polita is widely distributed in Lebanon and the coastal areas of
the Eastern Mediterranean region, Turkey, Iran to Pakistan and dry regions in South
Western Asia (Yazdani, 1990; Raimundo and van Harten, 2000; Raimundo et al., 2006).
It has been recorded as a predator of the mealybug Nipaecoccus viridis (Newstead)
(Asadeh and Mossadegh, 1993; Novin et al., 2000; Hesami and Fallahzadeh, 2004),
Planococcus vovae (Nasonov) (Lotfalizadeh and Ahmadi, 2000), Maconellicoccus
hirsutus (Green) (Fallahzadeh and Hesami, 2004), Planococcus ficus (Signoret)
(Fallahzadeh et al., 2011) and Phenacoccus solenopsis (Fallahzadeh et al., 2013).

Nephus biflammulatus (Motschulsky, 1837)

Material examined: 1199, 34J, Agriculture College (N: 34° 19' 32/44™: E: 47° 05 56/86") ex
Planococcus vovae on H. arizonica, 23.08.2009.

Note: Nephus biflammulatus is a species of ladybird native to Caucasus (Fursch,
1965). This is a new record for the fauna of Iran. Still, there are no published records
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on N. biflammulatus as predator of any mealybug species, and this is the first record
of N. biflammulatus attacking P. vovae.

Nephus bipunctatus (Kugelann, 1794)

Material examined: 99 9, 44J, Biston Road (N: 34° 22’ 26/49”: E: 47° 25’ 33/55") ex Phenacoccus sp.
on Euphorbia helioscopia, 21.09.2009.

Note: Nephus bipunctatus is a common and widely distributed coccinellid species in
Iran. Awide prey range has been reported for this species but in Iran itis mostly a predator
of mealybug species including Planococcus vovae (Lotfalizadeh and Ahmadi, 2000);
Peliococcus kimmericus (Fallahzadeh et al., 2006a); Chorizococcus viticola Kaydan
and Kozar (Fallahzadeh et al., 2010) and Planococcus ficus (Fallahzadeh et al., 2011).

Nephus ulbrichi Fursch, 1977

Material examined: 1399, 1243, Kohestan Park (N: 34° 23’ 44/84": E: 47° 07’ 34/60") ex Planococcus
vovae on H. arizonica, 18.03.2010.

Note: This species was hitherto known only from Spain, Greece and Turkey (Flrsch
and Uygun, 1980). This is a new record for the fauna of Iran and Planococcus vovae
is a new prey record for this coccinellid.

Oenopia conglobata (L., 1758)

Material examined: 1699, 443, Tagh Bostan (N: 34° 23’ 11/56": E: 47° 07’ 53/34”) ex Planococcus
ficus on Platanus orientalis L. (Plantanaceae), 22.07.2010.

Note: Oenopia conglobata is a species native to Asia, Europe and Africa that
has been recorded as a predator of Matsucoccus feytaudi Ducasse (Hemiptera,
Matsucoccidae) (Covassi et al.,, 1991). In Iran, it is generally reported as a
psyllophagous coccinellid (Mehrnejad, 2010).

The maijority of the Coccinellidae, also known as ladybird-beetles or ladybugs,
are predatory and among their prey are many important pests of agricultural crops,
especially belonging to the superfamilies Aphidoidea (aphids), Coccoidea (scale
insects), Psylloidea (jumping plantlice) and Aleyrodoidea (whiteflies) (Raimundo et
al., 2008). Members of the coccinellid are questionably one of the most useful groups
in biological control, whereas several species of them are used in biological control
programs of scale insect species (Majerus, 1994), particularly on the mealybugs
(Ben-Dov et al., 2012). In our survey, each species was directly observed feeding on
eggs, nymphs, and adults of mentioned mealybug species. More work is needed to
document the effectiveness of the lady beetles, as mealybug predators.

Two encyrtid species (Homalotylus turkmenicus Myartseva and H. eytelweinii
(Ratzeburg)) were reared from coccinellid larvae and they reduced the effectiveness of
these predators. Several species of Homalotylus Mayr were previously reported from
Iran (e.g., Lotfalizadeh and Ahmadi, 2000; Japoshvili and Noyes, 2005; Fallahzadeh
et al., 2006a; Talebi et al., 2008; Fallahzadeh and Japoshvili, 2010).
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Diptera, Cecidomyiidae
Dicrodiplosis manihoti Harris, 1981

Material examined: 399, Agriculture College (N: 34° 19’ 30/24”: E: 47° 05’ 55/71”) ex Chorizococcus
sp. on Lactuca serriola, 22.08.2009; 247, Agriculture college (N: 34° 19’ 32/44”: E: 47° 05’ 56/86") ex
Planococcus vovae on H. arizonica, 23.08.2009; 143 Agriculture College (N: 34° 19° 30/24”: E: 47° 05’
55/71") ex Chorizococcus sp. on L. serriola, 06.09.2009; 699, 204 &, Sarab Nilofar (N: 34° 24’ 30/14” : E:
46° 51’ 06/58”) ex P. vovae on H. arizonica, 6.6.2010; 59 ¢, Agriculture College (N: 34° 19’ 34/03": E: 47°
05’ 51/08”) ex P. vovae on Asparagus officinalis L. (Liliaceae), 15.09.2010.

Note: The family Cecidomyiidae is biologically diverse and widespread (Harris and
Harten, 2006). Many cecidomyiid species are important mealybug predators (Harris,
1997). In this survey, larvae of Dicrodiplosis manihoti were observed feeding on egg
masses of mentioned mealybug species.

Neuroptera, Chrysopidae
Chrysoperla sillemi Esben-Petresen, 1935

Material examined: 19, 733, Biston Road (N: 34° 22’ 26/49”: E: 47° 25’ 33/55”) ex Phenacoccus sp.
on Euphorbia helioscopia, 21.09.2009.

Neuroptera, Hemerobiidae

Wesmaelius sp.

Material examined: 69 %, Kohestan Park (N: 34° 23’ 44/84”: E: 47° 07’ 33/65”) ex Planococcus vovae
on H. arizonica, 18.03.2010; 19, Sarab Nilofar (N: 34° 24’ 30/52": E: 46° 55’ 06/53”) ex P. vovae on H.
arizonica, 6.06.2010.

Note: Insects belonging to families Chrysopidae (green lacewings) and
Hemerobiidae (brown lacewings) of the order Neuroptera are well-known predators
of small arthropods, including scale insects that inhabit plant surfaces (Miller et al.,
2006). First instar larvae of green lacewing, Chrysoperla carnea (Stephens) were
shown to suppress Nipaecoccus viridis (Newstead) (Hemiptera, Pseudococcidae) on
citrus in southern Iran (Zakerin et al., 2009). Lacewing larvae are effective predators
of smaller mealybugs. They may have a difficulties feeding on eggs in the mealybug
ovisac where waxy secretions provide some protection from the predator. Larger
mealybugs excrete an ostiolar fluid that can act as a defensive mechanism. Native
brown and green lacewing species are often overlooked while C. carnea has received
more attention (Daane et al., 2012). Larvae of Chrysoperla sillemi and Wesmaelius sp.
were observed feeding on nymphs and adults of mentioned mealybug species. Still,
there are no published records on Chrysoperla sillemi as a biological control agent,
and this is the first record of Chrysoperia sillemi attacking on mealybug.
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